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571 ABSTRACT

An intraocular lens with an optic of a polymer material
and a skirt of polymer material with a reinforcing ele-
ment used in, about or on the periphery of the skirt of
the intraocular lens. In one specific embodiment, a rein-
forcing element 1s positioned in the outer circumference
of a flexible skirt which supports the optic. The skirt can
be folded about the optic so that the lens can be inserted
through a minimal incision. In another embodiment, the
skirt can be rectangular. The outer loop can either at-
tach to the optic or be integral to the edge of the optic.
In an additional embodiment, the reinforcing element
can be attached about the edge of the skirt.

3 Claims, 5 Drawing Sheets
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INTRAOCULAR LENS WITH REINFORCING
ELEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an intraocular lens,
and more particularly, pertains to an integral intraocu-
lar lens including a thin, flexible skirt surrounding an
optic with a stiffener member such as a polymer or
stainless steel embedded in the outer periphery of the
flexible skirt for reinforcement of the skirt.

2. Description of the Prior Art

Prior art soft material intraocular lenses, while flexi-
‘ble in nature, have not included a reinforcing element
about or in the lens for placement in the eye, and for
positioning and stiffening of an edge of the lens. Cur-
rently, soft lenses which are made of silicone or
HEMA, which need a certain amount of stiffening,
requiring a large or heavy skirt or haptic to support the
lens 1n the eye.

The present invention overcomes the disadvantages
of the prior art by providing an intraocular lens with a

loop of reinforcing material about or in a thin flexible
skirt of the lens providing support.

SUMMARY OF THE INVENTION

The general purpose of the present invention is to
provide an intraocular lens with a thin flexible skirt and
with a reinforcing element for a stiff edge which is still
flexible. The lens can include a planar skirt or a vaulted
skirt. |

According to one embodiment of the present inven-
tion, there is provided an intraocular lens including a
central optic, and a thin member extending outwardly
from the central optic to the outer periphery of the lens.
A filament-like member, such as loop material, is em-
bedded in or about a flexible skirt peripheral edge to
provide a degree of support and stiffness to the overall
lens, while still having sufficient flexibility for the bend-
ing and folding of the flexible skirt during ocular inser-
tion. This provides that a minimal incision can be uti-
lized.

According to another embodiment of the present
invention, there is provided an intraocular lens with an
optic, a skirt surrounding the optic, and a reinforcing
element in the edge of the skirt. The optic, for example,
could be 5 mm wide, but the optic could be round, oval
or any other shape. The haptic skirt and reinforcing
element can be of the same material or of different mate-
rials. There are other reinforcing loop configurations,
such as separate reinforced loops into the optic, or in
the alternative a continuous loop around the optic, and
the loop can be of any geometrical configuration.

Still another alternative embodiment of the present
invention provides a skirted lens within the teachings of
the present invention including a flexible and foldable
central optic member with a reinforced skirt wherein
the entire intraocular lens is folded about the central
optic.

Significant aspects and features of the present inven-
tion include an intraocular lens with a very thin, flexible
skirt with a stiff edge which is still flexible. This there-
fore results in a very light intraocular lens with a mini-
mal, and more foldable cross-sectional area. The skirt
can be either a planar configuration or a vaulted config-
uration.
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One significant aspect and feature of the present in-
vention 1s an intraocular lens having a flexible and bend-
able skirt surrounding the central optic.

Another significant aspect and feature of the present
invention 1s a peripheral member embedded in or about

the outer periphery of the flexible lens skirt providing
for support of the optic and the skirt.

Another significant aspect and feature of the present
invention 1s a skirted lens having a flexible or rigid optic
and a flexible reinforced skirt which is highly flexible
for intraocular insertion.

Another significant aspect and feature of the present
invention 1s a reinforcement within or about the periph-
ery of the skirt which insures that the skirt will resume
an optimum position and predetermined geometrical
shape once the lens has been placed in the eye.

Having thus described embodiments of the present
Invention, it 1s the principal object hereof to provide an
intraocular lens with a reinforcing element or a stiffen-
ing element embedded about the optic or a support for
the optic, or into the optic.

An object of the present invention is to provide a
lightweight, thin intraocular lens of a material with
memory, which is flexible for insertion, and includes a
remforced edge or skirt which reserves and maintains a
predetermined desired geometrical configuration after
implantation.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects of the present invention and many of
the attendant advantages of the present invention will

be readily appreciated as the same becomes better un-
derstood by reference to the following detailed descrip-

tion when considered in connection with the accompa-
nying drawings, in which like reference numerals desig-
nate like parts throughout the figures thereof and
wherein:

FIG. 1 illustrates a plan view of an intraocular lens
With a reinforced skirt:

F1G. 2 illustrates a side view of the present invention;

FIG. 3 illustrates a cross-sectional view along line
3—3 of FIG. 1;

FIG. 4 illustrates a plan view of a first alternative
embodiment of an intraocular lens;

FIG. § illustrates a cross-sectional view along line
5—5 of FIG. 4.;

FIG. 6 illustrates a plan view of a second alternative
embodiment of an intraocular lens:

FIG. 7 illustrates a cross-sectional view taken along
line 7—7 of FIG. 6;

FIG. 8 illustrates a side view of the intraocular lens
folded for mmsertion into an incision;

FI1G. 9 illustrates a side view of the intraocular lens
folded for insertion into one to many spaces in an inci-
sion;

FIG. 10 ilHlustrates a side view of a third alternative
embodiment of an intraocular lens having a flexible
optic folded for insertion into an incision;

FIG. 11 tllustrates a fourth alternative embodiment of
an intraocular lens with an unembedded stiffener mem-
ber; and,

F1G. 12 illustrates a cross-sectional view along lines
12—12 of FIG. 11.

10 lens

12 thin planar skirt member
14 central optic

16 integral edge

18 anterior surface
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20 posterior surface

22 integral edge

24 stiffener member

30 intraocular lens

32 central optic

34 antenor surface

36 posterior surface

38 loop

40 loop

42 hole

44 hole

46 hole

48 hole

50 lens edge

52 thin planar skirt member
54 thin planar skirt member
36 edge

58 edge

60 intraocular lens

62 central optic

64 antenor surface

66 posterior surface

68 stiffener loop

70 edge

72 thin planar skirt member
74 thin planar skirt member
76 continuous edge

100 lens

112 skirt member

114 central optic

118 anterior surface

120 posterior surface

122 edge

124 stiffener member

150 intraocular lens

152 central optic

154 antenor surface

156 posterior surface

158 flexible skirt member
160 flexible polymer arcular stiffener member

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1llustrates a plan view of an intraocular lens
10. A flexible thin planar skirt member 12 extends out-
wardly from a round shaped central optic 14 and inter-
sects with a flexible integral edge 22. The central optic
14 includes an anterior surface 18 and a posterior sur-
face 20. The edge 22 has a round or otherwise thickened
cross section and includes an embedded flexible poly-
mer arcular stiffener member 24, such as a ring of flexi-
ble PMMA, polypropylene or other like suitable poly-
mer material. The arcular stiffener member 24 can also
have an oval, square, semicircular or any other cross
section as desired. The skirt member 12 and the edge 22
are flexible enough so that the structures can be suffi-
ciently folded or bent for ocular insertion. The profile
of the lens 10 is planar as illustrated in FIG. 2; however,
the skirt 12, the edge 22 and the stiffener member can be
angled forward or backward in a cone like fashion out
of the plane of the lens or can even be curved forward
or backward out of the plane of the lens. While a coni-
cal configuration is not specifically illustrated in the
figures, a conical configuration is within the teachings
of the present invention. When folded, the lens 10 offers
a minimal cross-sectional area through a small incision.
The lens optic can be of any suitable material, such as a
polymer, PMMA, silicone or HEMA. The optic can be
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either hard or soft as a physical property. The skirt can
be of any suitable material, such as a polymer, silicone,
HEMA, a flexible PMMA, polypropylene, DACRON
(polyethylene terephlhatate), of polyurethane. In the
alternative, the edge 22 and/or the skirt 12 can also be
opaque such as the color black or blue to preclude stray
hght from being transmitted from the edge 22 and/or
through the planar skirt 12 member to interfere with the
central optic 14 or the eye. The optic, skirt or reinforc-
ing element can be made of any other suitable materials
which are compatible with the eye. The lens optic can
assume any optical configuration, such as biconvex,
meniscus, or plano-convex. The optic and skirt can be
of the same material and formed as a continuous integral
member and the reinforcing element formed into or
about the edge of the skirt.

FI1G. 2 1llustrates a side view of FIG. 1 where all
numerals correspond to those elements previously de-
scribed.

FIG. 3 illustrates a cross-sectional view along line
3—3 of FIG. 1 where all numerals correspond to those
elements previously described.

MODE OF OPERATION

The thin planar skirt member 12, the integral edge 22
and the reinforcing or stiffener element or member 24 of
the lens 10 can be bent about the central optic 14 for
passage of the intraocular lens through a small incision.
Further, the matenal for the reinforcing element or
stiffener member 24 maintains a memory to return to the
original optic and geometrical position for subsequent
positioning within the chamber of the eye. Alternately,
the skirt 12 and the stiffener member 24 may be angled
or curved forward or backward from the plane of the
lens optic 20 to provide vaulting as desired.

DESCRIPTION OF THE FIRST ALTERNATIVE
EMBODIMENT

FI1G. 4 illustrates a plan view of a first alternative
embodiment 30 of the present invention where separate
loops extend into the optic for supporting the lens. In
this particular example and for purposes of illustration
only and not to be construed as limiting of the present
invention, there is provided an oval optic of suitable
material. The optic could also be round. The intraocular
lens 30 includes a central optic 32 with an antenor sur-
face 34 and a posterior surface 36. Polymer stiffener or
support loops 38 and 40, such as flexible polypropylene,
PMMA, or other like suitable polymer material, secure
into holes 42, 44, 46 and 48 in the lens edge 50, such as
by frictional engagement, welding, adhesive or other
suitable means. Thin planar skirt members 52 and 54
extend from the lens edge 50 between the holes 42-44
and 46-48 and the loop members 38 and 40, respec-
tively. The thin planar skirt members 52 and 54 form
around and about the loop members 38 and 40 to embed
the loop members 38 and 40 and to form edges 56 and
58, each having a round cross section such as that illus-
trated 1in F1G. §. Other cross-sections could be utilized.
The skirt members 52 and §4 and the edges 56 and 58
are flexible enough so that the structures can be suffi-
ctently folded for ocular insertion. When folded, the
lens offers a minimal cross-sectional area through a
small incision. The lens, skirt and loops retain memory
to return to its original optical and geometrical shape.

FIG. 5 illustrates a cross-sectional view along line
5—38 of FIG. 4 where all numerals correspond to those
elements previously described.
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~ Alternatively, the skirt members 52 and 54 may be
angled or curved (*vaulted”) forward or backward out
of the plane of the lens optic 32.

DESCRIPTION OF THE SECOND
ALTERNATIVE EMBODIMENT

FIG. 6 illustrates a plan view of a second alternative
embodiment 60 of a continuous reinforced loop around
an optic. In this particular example and for purposes of
illustration only and not to be construed as limiting of
the present invention, there is provided an oval optic of
a polymer. The intraocular lens 60 includes a central
optic 62 which 1s oval in shape. The central optic 62
includes an anterior surface 64 and a posterior surface
66. A continuous one piece polymer stiffener or support
loop 68 in the form of a rectangle or other suitable
geometric design such as polypropylene, PMMA, or
other like suitable polymer material aligns secured in
close proximity to the edge 70, or may align and secure
to the optic edge, such as by medical adhesives, weld-
ing, gluing or other suitable securing processes. It is
noted that the support loop 68 comes in close proximity
to the central optic 62 whereas in FIG. 1 the support
loop stiffening member 24 remains at a constant radius
from the central optic 14. Thin planar skirt members 72
and 74 extend outwardly from the optic edge 70 to meet
and intersect the continuous stiffener loop 68. The thin
planar skirt members 72 and 74 form over and about the
continuous loop stiffener member 68 to embed the stiff-
ener member 68 and to form a continuous edge 76 hav-
ing a round cross section, such as that illustrated in FIG.
7. The thickness of the skirt members 72 and 74 is fur-
ther determined by the particular characteristics of the
specific material and can be thicker or thinner than that
degree of thickness illustrated in the figures. The skirt
members 72 and 74 are flexible enough so that the struc-
tures can be sufficiently folded for ocular insertion.
When folded, the lens offers a minimal cross-sectional
area through a small incision such as the folded configu-
rations of FIGS. 8 and 9.

FIG. 7 illustrates a cross-sectional view along line
7—7 of FIG. 6 where all numerals correspond to those
elements previously described. Alternatively, the skirt

and support members may be angled or curved

(“vaulted”) forward or backward out of the planes of
the lens optic.

FIG. 8 illustrates a side view of an intraocular lens 10
folded for ocular insertion where all numerals corre-
spond to those elements previously described. The left
portion edge 22 is folded upwardly to lie over and about
the anterior surface 18 and the right portion of the edge
22 1s folded downwardly to lie over and about the pos-
terior surface 20 to present a low profile folded lens for
insertion into and through a small incision. Other like
folding configurations are applicable to the teachings of
the present invention as well as those folding configura-
tions 1llustrated in the other illustrations.

FI1G. 9illustrates a side view of the intraocular lens 10
folded for ocular insertion where all numerals corre-
spond to those elements previously described. The left
portion of the edge 22 is folded up to lie over and about
the anterior surface 18 and the right portion of the edge
22 is also folded upwardly to lie over and about the
anterior surface 18 of the optic 14 to present a low
profile folded lens for insertion into a small incision.
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DESCRIPTION OF THE THIRD ALTERNATIVE
| EMBODIMENT

FI1G. 10, a third alternative embodiment, illustrates a
side view of an intraocular lens 100 with a flexible optic
folded for ocular insertion where all numerals corre-
spond to those elements previously described. The in-
traocular lens 100 is similar to the lens 10 described in
FI1G. 1 except that the central optic 114 is flexible. The
intraocular lens 100 includes the central optic 114 hav-
ing an anterior surface 118, a posterior surface 120, an
embedded polymer arcular stiffener member 124 em-
bedded 1n an edge 122 and a skirt member 112. The
method of folding the edges in this and previous figures
are for purposes of illustration and not to be construed
as limiting of the present invention. Other variations in
folding of the edges of the intraocular lens may also be
used and those illustrated shall not be construed to be
limiting of the scope of the present invention. In this
illustration, the entire intraocular lens 100 is folded
where the fold occurs through the central optic 114,
and where the edge 122 folds as well in folding align-
ment with the central optic 114 to align the edge 122
with i1tself in a parallel fashion as illustrated and may
fold further to allow edge member 122 to contact itself
to present a low profile folded lens for insertion into a
small incision.

Optionally, the same method of folding of the edges
122, similar to the edge 22 as illustrated and described in
FIGS. 8 and 9, can be incorporated over and about the
flexible central optic 114 should the surgeon opt to not
fold the flexible central optic 114 for insertion.

DESCRIPTION OF THE FOURTH
ALTERNATIVE EMBODIMENT

FIG. 11 illustrates a fourth alternative embodiment of
an 1ntraocular lens 150 including a central optic 152
with an anterior surface 154, a posterior surface 156, a
flexible skirt member 158 about the central optic 152,
and flexible polymer arcular stiffener member 160 se-
cured about the peripheral edge of the flexible skirt
member 158. The arcular stiffener member 160, while
not embedded in the edge of the flexible skirt member
158, functions in the same fashion and manner as its
corresponding stiffener members described in the previ-
ously described figures.

In the alternative, a flexible polymer arcular stiffener
member similar to the illustrated arcular stiffener mem-
ber 160 can also be suitably secured on the top or bot-
tom surface of the flexible skirt member 158 adjacent to
its peripheral edge or can be located at any appropriate
distance inward of the peripheral edge either on the top
or bottom surface. The similar arcular stiffener member
can also be molded into the flexible skirt member 158 at
any suitable distance from its peripheral edge.

FI1G. 12 illustrates a cross-sectional view along lines
12—12 of FIG. 11 where all numerals correspond to
those elements previously described.

Alternatively, the skirt and support members may be
angled or curved (“vaulted”) forward or backward out
of the plane of the lens optics.

Alternatively, the stiffener 160 may be secured on the
surface of the flexible skirt 158 at or suitably near its
peripheral edge, or at any appropriate intermediate
distance.

Various modifications can be made to the present
invention without departing from the apparent scope
hereof.
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I claim: N said skirt with respect to said optic and providing
1. An intraocular lens comprising: flexibility for folding through a small incision of an

a. an optic;
b. a substantially circular continuous flexible skirt

surrounding said optic and secured to said optic so 5

as to form a predetermined geometrical shape, said

skirt terminating in an arcuate edge having a cross

section thicker than the cross section of said skirt: opaque.

and, 3. The intraocular lens of claim 1 wherein said optic
c. a reinforcing element embedded within said arcu- 10 1s flexible.

ate edge about 1ts entire perimeter for reinforcing L A

eye and having memory to return said skirt to the

original predetermined geometrical shape after
being folded.
2. The intraocular lens of claim 1 wherein said skirt is
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